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the laboratory information and, responsive to determining
that the operation should be prevented, prevents the admin-
istration of the medication by the infusion device, and
generates a notification indicating that the operating limit
parameters require modification.
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PATIENT-SPECIFIC MEDICATION
MANAGEMENT SYSTEM

CROSS-REFERENCE TO RELATED
APPLICATIONS

The present application is a continuation of U.S. appli-
cation Ser. No. 16/042,987, filed Jul. 23, 2018, entitled
“Patient-Specific Medication Management System,” now
U.S. Pat. No. 10,937,530, which is a continuation of U.S.
application Ser. No. 14/721,995, filed May 26, 2015, entitled
“Patient-Specific Medication Management System,” now
U.S. Pat. No. 10,029,047, which is a continuation of U.S.
application Ser. No. 13/802,679, filed Mar. 13, 2013, entitled
“Patient-Specific Medication Management System,” now
U.S. Pat. No. 9,069,887, the disclosures of which are hereby
incorporated by reference in their entirety for all purposes.

BACKGROUND
Field

The present disclosure relates generally to systems and
methods for managing patient care in a health care facility,
and more particularly, to systems and methods for integrat-
ing and managing information with respect to medical care,
medication delivery, asset identification, and verification of
drug delivery.

Description of the Related Art

Medication errors, that is, errors that occur in the order-
ing, dispensing, and administration of medications, regard-
less of whether those errors cause injury or not, are a
significant consideration in the delivery of healthcare in the
institutional setting. Additionally, adverse drug events
(ADE), which are defined as injuries involving a drug that
require medical intervention and are a subset of medication
errors, represent some of the most serious medication errors
are responsible for a number of patient injuries and death.

Healthcare facilities continually search for ways to reduce
the occurrence and severity of medication errors. Various
systems and methods are commonly used to reduce the
frequency of occurrence and severity of preventable adverse
drug events (PADE) and other medication errors. In the
administration of medication, focus is typically directed to
the following five “rights” or factors: the right patient, the
right drug, the right route, the right amount, and the right
time. Systems and methods seeking to reduce ADEs and
PADEs should take these five rights into consideration.

Delivery, verification, and control of medication in an
institutional setting have traditionally been areas where
errors can occur. In a typical healthcare facility, a physician
enters an order for a medication for a particular patient. This
order may be handled either as a simple handwritten order,
or it may be entered into an automated system, such as a
physician order entry (POE) system. The handwritten order
or the electronic prescription from the POE system is routed
to the pharmacy, where the order is filled. Typically, phar-
macies check the physician order against possible allergies
of the patient and for possible drug interactions in the case
where two or more drugs are prescribed, and also check for
contraindications. Depending on the healthcare facility, the
medication may be identified and gathered within the phar-
macy and placed into a transport carrier for transport to a
nurse station. Once at the nurse station, the prescriptions are
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2

again checked against the medications that have been iden-
tified for delivery to ensure that no errors have occurred.

Such a system works well to verify that patients are
receiving the appropriate drug when drugs are delivered
orally. But the system may not be capable of thoroughly
verifying that the correct administration of an intravenous
(IV) drug is being provided to a patient. Incorrect adminis-
tration of the medication may occur where the medication is
to be administered using an automated or semi-automated
administration device, such as an infusion pump (e.g.,
including large volume infusion or syringe type pumps), if
the automated device is programmed with incorrect medi-
cation administration parameters. For example, even where
the medication order includes the correct infusion param-
eters, those parameters may be incorrectly entered into an
infusion pump, causing the infusion pump to administer the
medication in a manner that may not result in the prescribed
treatment. Furthermore, if the infusion pump is configured
with certain operating limit parameters, the operating limit
parameters may reflect values that are generally considered
safe for a typical patient but that may be unsafe for the
patient to whom the medication is being delivered.

SUMMARY

According to one embodiment of the present disclosure,
a system for use with a medical device for reducing medi-
cation errors is provided. The system includes a medical
device that is configurable with operating limit parameters
for providing medication to a patient, and a limiting system.
The limiting system includes a memory that includes
patient-specific information for the patient and a database
includes acceptable operating parameters for providing the
medication to the patient using the medical device, and a
processor. The processor is configured to compare the
acceptable operating parameters with the patient-specific
information, and provide a modification of the operating
limit parameters for providing the medication to the patient
based on the comparison of the acceptable operating param-
eters with the patient-specific information.

In certain aspects of the system, the medical device is
configurable with operating limit parameters for providing a
mixture includes a plurality of medications to a patient, and
the database includes acceptable operating parameters for
providing the mixture to the patient using the medical
device. The patient-specific information can include labo-
ratory data for the patient. The laboratory data can include
at least one of a blood coagulation measure, a vitamin level,
a platelet count value, a thromboplastin time, or a serum
level. The patient-specific information can include at least
one of a medication ordered for the patient, a time at which
the medication is ordered for the patient, a treatment plan for
the patient, a medication resistance of the patient, a weight
of the patient, a height of the patient, a body surface area of
the patient, an age of the patient, a gender of the patient, or
an ethnicity of the patient. In certain aspects of the system,
the processor being configured to compare the acceptable
operating parameters with the patient-specific information
includes the processor comparing a first weight of the patient
provided to the medical device with a second weight of the
patient provided to another medical device. In certain
aspects of the system, the processor being configured to
provide the modification of the operating limit parameters
for providing the medication to the patient includes the
processor being configured to modify the operating limit
parameters based on a determination of the acceptable
operating parameters for a person having the patient’s body
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surface area. The acceptable operating parameters can
include a plurality of rules indicating whether the patient-
specific information includes a value that is within or
exceeds a threshold define by at least one of the plurality of
rules. At least one of the rules can indicate a maximum total
amount of the medication to provide to the patient over a
period of time. The medical device can include an infusion
pump. The operating limit parameters can include at least
one of a rate at which to provide the medication, an amount
of the medication to provide, and a length of time to provide
the medication. In certain aspects of the system, the proces-
sor being configured to provide the modification of the
operating limit parameters based on the patient-specific
information includes the processor being configured to
define at least one of a maximum value or minimum value
for at least one operating limit parameter associated with
delivery of the medication to the patient based on the
patient-specific information. In certain aspects of the system,
the processor being configured to provide the modification
of the operating limit parameters based on the patient-
specific information includes the processor being configured
to define at least one of a pair of a soft maximum value that
can be exceeded and a hard maximum value that cannot be
exceeded, and a soft minimum value that can be exceeded
and a hard minimum value that cannot be exceeded for at
least one operating limit parameter associated with delivery
of the medication to the patient based on the patient-specific
information. The processor can further be configured to
provide a notification to the medical device indicating that
the operating limit parameters for providing the medication
to the patient have been modified based on the patient-
specific information. The processor can further be config-
ured to receive an input from a caregiver to override the
modification of the operating limit parameters. The input
from the caregiver can include an indication why the care-
giver overrode the modification of the operating limit
parameters. The processor can further be configured to
record when the caregiver overrides the modification of the
operating limit parameters. The processor can further be
configured to receive configuration parameters for determin-
ing whether to provide the notification to the medical device
based on at least one of an identity of a caregiver, identifi-
cation of a location of the medical device, or an institutional
preference. The patient-specific information can be received
from an external data system in a native message format of
the external data system and converted into an internal
messaging format configured for use with the limiting
system.

According to another embodiment of the present disclo-
sure, a method for use with a medical device to reduce
medication errors is provided. The method includes receiv-
ing patient-specific information for a patient, and comparing
the patient-specific information with a database includes
acceptable operating parameters for a medical device. The
method also includes providing a modification of operating
limit parameters of the medical device for providing a
medication to the patient based on the comparison of the
patient-specific information with the acceptable operating
parameters.

In certain aspects of the method, the medical device is
configurable with operating limit parameters for providing a
mixture includes a plurality of medications to a patient, and
the database includes acceptable operating parameters for
providing the mixture to the patient using the medical
device. The patient-specific information can include labo-
ratory data for the patient. The laboratory data can include
at least one of a blood coagulation measure, a vitamin level,
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a platelet count value, a thromboplastin time, or a plasma/
serum concentration of medication, or other physiologic
component, such as electrolyte concentration. The patient-
specific information can include at least one of a medication
ordered for the patient, a time at which the medication is
ordered for the patient, a treatment plan for the patient, a
medication resistance of the patient, a weight of the patient,
a height of the patient, a body surface area of the patient, an
age of the patient, a gender of the patient, genetic makeup of
the patient, or an ethnicity of the patient. Comparing the
acceptable operating parameters with the patient-specific
information can include comparing a first weight of the
patient provided to the medical device with a second weight
of' the patient provided to another medical device. Providing
the modification of the operating limit parameters for pro-
viding the medication to the patient can include modifying
the operating limit parameters based on a determination of
the acceptable operating parameters for a person having the
patient’s body surface area. The acceptable operating
parameters can include a plurality of rules indicating
whether the patient-specific information can include a value
that is within or exceeds a threshold define by at least one of
the plurality of rules. At least one of the rules can indicate
a maximum total amount of the medication to provide to the
patient over a period of time. The medical device can include
an infusion pump. The operating limit parameters can
include at least one of a rate at which to provide the
medication, an amount of the medication to provide, and a
length of time to provide the medication. In certain aspects
of the method, providing the modification of the operating
limit parameters based on the patient-specific information
can include defining at least one of a maximum value or
minimum value for at least one operating limit parameter
associated with delivery of the medication to the patient
based on the patient-specific information. In certain aspects
of the method, providing the modification of the operating
limit parameters based on the patient-specific information
can include defining at least one of a pair of a soft maximum
value that can be exceeded and a hard maximum value that
cannot be exceeded, or a soft minimum value that can be
exceeded and a hard minimum value that cannot be
exceeded for at least one operating limit parameter associ-
ated with delivery of the medication to the patient based on
the patient-specific information. In certain aspects of the
method, the method further includes providing a notification
to the medical device indicating that the operating limit
parameters for providing the medication to the patient have
been modified based on the patient-specific information. The
method can further include receiving an input from a care-
giver to override the modification of the operating limit
parameters. The input from the caregiver can include an
indication why the caregiver overrode the modification of
the operating limit parameters. The method can further
include recording when the caregiver overrides the modifi-
cation of the operating limit parameters. The method can
further include receiving configuration parameters for deter-
mining whether to provide the notification to the medical
device based on at least one of an identity of a caregiver,
identification of a location of the medical device, or an
institutional preference. The operating limit parameters of
the medical device can be modified by a limiting system, and
the patient-specific information can be received from an
external data system in a native message format of the
external data system and converted into an internal messag-
ing format configured for use with the limiting system.
According to one embodiment of the present disclosure,
a machine-readable storage medium includes machine-read-
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able instructions for causing a processor to execute a method
for use with a medical device to reduce medication errors is
provided. The method includes receiving patient-specific
information for a patient, and comparing the patient-specific
information with a database includes acceptable operating
parameters for a medical device. The method also includes
providing the modification of operating limit parameters of
the medical device for providing a medication to the patient
based on the comparison of the patient-specific information
with the acceptable operating parameters.

It is understood that other configurations of the subject
technology will become readily apparent to those skilled in
the art from the following detailed description, wherein
various configurations of the subject technology are shown
and described by way of illustration. As will be realized, the
subject technology is capable of other and different configu-
rations and its several details are capable of modification in
various other respects, all without departing from the scope
of the subject technology. Accordingly, the drawings and
detailed description are to be regarded as illustrative in
nature and not as restrictive.

BRIEF DESCRIPTION OF THE DRAWINGS

The accompanying drawings, which are included to pro-
vide further understanding and are incorporated in and
constitute a part of this specification, illustrate disclosed
embodiments and together with the description serve to
explain the principles of the disclosed embodiments. In the
drawings:

FIG. 1 is a block diagram and graphical representation of
a care management system for reducing the possibility of
medication errors.

FIG. 2 is a block diagram illustrating an example control
system, server, and medical device from the architecture of
FIG. 1 according to certain aspects of the disclosure.

FIG. 3 is functional block diagram illustrating an example
process for reducing medication errors for a patient using a
programmable medical device, such as an infusion pump,
and a control system, by referencing a guidelines database in
view of information specific to the patient.

FIG. 4 is a block diagram illustrating an example com-
puter system with which the control system, server, and
medical device of FIG. 2 can be implemented.

DETAILED DESCRIPTION

In the following detailed description, numerous specific
details are set forth to provide a full understanding of the
present disclosure. It will be apparent, however, to one
ordinarily skilled in the art that the embodiments of the
present disclosure may be practiced without some of these
specific details. In other instances, well-known structures
and techniques have not been shown in detail so as not to
obscure the disclosure.

The present disclosure provides a system that evaluates
patient-specific data, such as a patient’s laboratory results or
characteristics (e.g., height, weight, gender, body surface
area, medical history), in order to determine operating limit
parameters (or “dynamic guardrails”) for a medical device
such as an infusion pump. Incorporating patient-specific
laboratory results and other data provides a capability to
notify a clinician of scenarios to prevent potential clinical
harm. Furthermore, incorporation of a patient’s laboratory
results and other relevant patient data can assist clinicians in
monitoring and intervening in situations related to appro-
priate methods of intravenous drug administration. The
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present disclosure also provides for verifying that the right
treatment, based on data specific to the right patient, has
been given in the right manner, in the right amount, and at
the right time.

Several examples will now be presented regarding how
the disclosed system can assist clinicians in patient therapy.
The disclosed system can, for example, notity a clinician at
a medical device that a patient’s condition has changed (e.g.
change in kidney function and liver function or increasing
white blood cell count) and automatically modify (or present
modifications to) the parameters, such as maximum and
minimum infusion limits, for infusing a medication to the
patient based on the changed condition for verification by
the clinician. The disclosed system can also, for example,
automatically modify infusion parameters if a patient enters
a critical situation, such as a changing lab value or other
condition. The disclosed system can further, for example,
modify the parameters for infusing a medication to a patient
if the medication being infused is not associated with an
active medication order for the patient. As another example,
the disclosed system can modify parameters for infusion of
an antibiotic to a patient based on when and how or when the
antibiotic was previously infused to the patient. The dis-
closed system can, for example, modify parameters for
infusing an antibiotic if an organism affecting the patient is
known to be resistant to the antibiotic. As yet another
example, the disclosed system can modify parameters for
infusing a medication to a patient if the patient’s record
indicates the infusion should be discontinued. As another
example, when an active order does not exist for a patient
associated with a medical device, the disclosed system can
send a message to the relevant clinician asking for an order
or clarification, such as where a clinician may have given a
verbal order that has not been documented or where an
infusion may have been ordered to be discontinued but such
order was missed.

Referring now to the drawings, FIG. 1 provides an
example illustration of an integrated healthcare facility-wide
information and care management system 28 in accordance
with certain aspects of the present disclosure. Various sub-
systems of a healthcare facility’s information management
system are connected together by way of a facility commu-
nication system 30. The communication system 30 may
include, for example, any one or more of a personal area
network (PAN), a local area network (LAN), a campus area
network (CAN), a metropolitan area network (MAN), a
wide area network (WAN), a broadband network (BBN), the
Internet, and the like. Further, the communication system 30
can include, but is not limited to, any one or more of the
following network topologies, including a bus network, a
star network, a ring network, a mesh network, a star-bus
network, tree or hierarchical network, and the like. As shown
in FIG. 1, the communication system 30 connects through
various interfaces 32 to a healthcare facility information
system 34, a pharmacy information system 36, a patient
information database 62, a physician order entry system 38,
a medication guidelines database 60, and a control system 40
(or “limiting system”).

The facility communication system 30 is not meant to be
taken in a limited sense. Such a facility communication
system 30 may encompass an entire healthcare facility or
may be located only in a small area of the healthcare facility.
It may also include a communication system in a healthcare
facility other than a hospital and may have application to an
alternate care facility, such as a patient’s home. Additionally,
the word caregiver is intended to be used in its broadest



US 11,615,871 B2

7

sense and is meant to include nurses, physicians, health care
specialists, and others who provide care to patients.

The control system 40 in accordance with an aspect of the
present disclosure may be, for example, a server or other
computer having sufficient memory 42 and processing capa-
bility to connect with the communication system 30 and
configure a medical device 80. The control system 40
includes operational software or other instructions for car-
rying out various aspects of the present disclosure, as will be
discussed more fully below, enabling communications with
other hardware or networks, and data input and output and
report generation and printing, among other functions.
While the control system 40 is shown as a separate piece of
equipment, it will be understood that the control system 40
and the associated memory 42 may also be incorporated into
another element, such as the medical device 80.

The communication system 30 may comprise, for
example, a wired or wireless Ethernet (IEEE 522.3) utilizing
transmitters and receivers positioned throughout the health-
care facility and/or attached to various computers, clinical
devices and other equipment used in the facility. In such a
wireless system, the signals transmitted and received by the
system could be radio frequency (RF), infrared (IR), or other
means capable of carrying information in a wireless manner
between devices having appropriate transmitters or receivers
may be used. It will be immediately understood by those
skilled in the art that such a system may be identical to the
system set forth in FIG. 1, with the exception that no wires
are required to interconnect the various aspects of the
system.

In a typical healthcare facility, patient rooms, wards, or
areas are typically situated in groups located near a nurse
station 44, where the caregivers assigned to care for the
patients in the particular area carry out the administrative
functions of their duties. Typically, these functions include
updating and monitoring the patients’ charts, preparation of
and administering medication orders, and monitoring and
recording any other information deemed necessary by the
facility for tracking. There is also usually a room located
adjacent the nurse station that is dedicated to storage and/or
the preparation of medications to be delivered to patients.
This room may contain inventories of commonly used oral,
IM, or IV medications. The room may also be used to
formulate the contents of infusion bags in accordance with
prescribed treatment regimens.

The nurse station 44 will typically include a terminal or
computer system 46 connected either directly or through an
interface 48 to the communication system 30, allowing users
at the nurse station to enter and retrieve patient data or
information from other systems, such as the healthcare
facility information system 34, the pharmacy information
system 36, the physician order entry system 38, or other
systems used in the facility. It should be understood that not
all users will be provided with access rights to each system.
For example, physicians may be able to access the physician
order entry system 38 from the nurse station system 44 to
enter, edit, or track medication orders, but a caregiver may
only be able to view such orders. Moreover, while the
present disclosure is described with reference to the com-
puter system 46 being located at a nurse station 44, the
computer system 46 may also be a satellite system that is
located anywhere in the care-giving facility where it is
convenient or efficient to do so. Such a satellite computer
system may be operably connected to the communication
system 30 using either a wired or wireless network connec-
tion. A printer 50 may also be connected to the nurse station
computer system 46 for printing reports, bar codes, labels, or
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other materials, and a bar code reader 52 may be provided
for reading bar codes on medication labels, reports, or other
items having bar coded labels provided for identification.

In a different embodiment where radio frequency identi-
fication (RFID) tags are used with medications, patients,
equipment, or in other ways, the nurse station 44 may also
include an interrogator or RFID reader (not shown) for use
with the RFID tags.

In accordance with aspects of the present disclosure, a
medication database carrier (MDC) or medication guide-
lines database 60 stores information that is provided to
monitor medication parameters or other information used by
a caregiver to program a medication administration device
80 to deliver medication to a patient. Various types of
information may be stored in the memory of the medications
guidelines database 60, including data bases containing
information about drug interactions and possible contrain-
dications and/or side-effects of medications, and established
guidelines for the administration of various medications. For
example, the guidelines may include institutionally-estab-
lished guidelines or limits on drug administration param-
eters, such as dosage, frequency of administration, and other
delivery related information such as, for example, appropri-
ate flow rates and infusion durations for programming
infusion pumps. Additionally, the guidelines may encom-
pass guidelines for providing drug administration appropri-
ate to a particular patient or to treatment areas having
different sets of delivery parameters for similar medications,
such as medication administration directed to geriatric,
pediatric, and oncology patients. Guidelines may also be
included that are directed to particular therapy regimens,
such as chemotherapy regimens or regimens for treating
chronic infection or pain. The term database as used herein
will be understood by those skilled in the art to be used as
is commonly understood. That is, the term database refers to
a collection of values or information organized, formatted,
and stored in such a manner as to be capable of being
retrieved and analyzed using an appropriate program con-
tained in software or other form.

In one embodiment of the present disclosure, the medi-
cations guidelines database 60 may be interfaced to the
nurse station computer system 46 or any other of the
information systems of the central system of an institution
through a cradle or other docking device that provides a
connection between the medications guidelines database 60
and the computer system 46. In this embodiment, use of the
cradle allows information to flow between the medications
guidelines database 60 and the nurse computer system 46.
This information may then be processed and stored on the
computer system 46, or the information may be communi-
cated by the computer system 46 through the interface 48 to
various other facility information systems over the commu-
nication system 30. In this manner, information from the
pharmacy information system 30, for example, may be
communicated through the communication system 30, the
nurse station 44 computer system 46, and to the medications
guidelines database 60. Similarly, information contained
within the medications guidelines database 60 may be
communicated through the nurse station computer system
46, the interface 48, and the communication system 30 to
any of the interconnected systems 34, 36, 38, 40, or 62.

The medications guidelines database 60 may be stored on
a device, such as a server. The healthcare facility may also
or alternatively have the medication guidelines database 60
centrally located in the memory 42 of the control system 40.
The medication guidelines database 60 includes medication
information and/or databases or libraries, including institu-
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tionally generated guidelines for the delivery of medication
to a patient, as well as drug interaction information or
information concerning possible drug side-effects, and that
is portable such that it can be carried by a caregiver to and
from a patient’s bedside. The medications guidelines data-
base 60 may also have a storage capability and technology
for interfacing with a computer system or network so that
information may be communicated between the medications
guidelines database 60 and other devices, such as computers,
medication administration devices, clinical devices such as
vital signs monitoring devices and the like.

A general concept embodied in the medications guidelines
database 60 is to provide medication administration param-
eters or other information that may be entered into a medi-
cation administration device 80, such as an infusion pump

In accordance with aspects of the present disclosure, the
control system 40 is configured to obtain patient-specific
information from the patient information database 62, medi-
cation information from the medication guidelines database
60, and device information from the medical device 80. The
patient information database 62 may itself obtain and store
patient-specific information retrieved from the physician
order entry system 38, the pharmacy information system 36,
and the healthcare facility information system 34. In certain
aspects, information may be retrieved information from the
medical device 80 prior to actual medication administration,
and the control system 40 can evaluate the medication
information from the medication guidelines database 60 in
view of the patient-specific information for the patient
associated with the medical device 80 to determine if
parameters entered into the medical device 60 fall within
institutionally established guidelines for the administration
of a particular medication. If the comparison indicates that
the parameters or information entered into the medication
administration device are appropriate in that they fall within
the established guidelines, then an indication to that effect
may be provided to the caregiver and the caregiver may then
begin medication administration.

Alternatively, if the comparison indicates that one or more
parameters or information do not meet the established
guidelines, a warning or alert may be provided to the
caregiver that one or more parameters or a portion of
information has been incorrectly entered into the medication
administration device, and that corrective action or an over-
ride is required before medication administration can begin.
In another embodiment, the medication administration
device may be automatically inhibited from starting admin-
istration of a medication unless it receives a signal from the
control system 40 that the comparison was favorable, thus
providing a fail-safe against incorrect administration of the
medication.

For example, a patient’s laboratory testing results indicate
the patient has reduced renal function. The prescribed medi-
cation for the patient, however, will further reduce renal
function in any patient, which, if the patient were to have
normal renal function, would still fall within institutionally
established guidelines as defined by the medication guide-
lines database 60. This specific patient, however, has
reduced renal function. Based on the identification of spe-
cific information of the patient regarding the patient’s
reduced renal function, the control system 40 will display an
alert at the medical device 80 for providing the prescribed
medication, and optionally restrict a caregiver from admin-
istering the prescribed medication using the medical device
80.

In certain aspects, information may be retrieved informa-
tion from the medical device 80 after actual medication
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administration begins, and the control system 40 can evalu-
ate the medication information from the medication guide-
lines database 60 in view of the patient-specific information
for the patient associated with the medical device 80 to
determine if the parameters currently being used by the
medical device 60 fall within institutionally established
guidelines for the administration of a particular medication.
For instance, the evaluation for a medication being admin-
istered may occur during administration of the medication,
such as when doses are adjusted, for example, to maintain
blood pressure or heart rate or blood sugar levels. Errors
may then be prevented and advisories posted at any point
during the medication administration, which may be over 10
minutes, 10 hours, or even 10 days.

Institutionally established guidelines or more widely
accepted protocols for the administration of medications
stored in the medication guidelines database 60 include, for
example, medication administration parameters or other
information, such as bolus size, maximum dose per hour,
maximum continuous dose, volume to be infused, flow rate,
and maximum concentration. The medication guidelines
database 60 may have preestablished values for infusion
parameters that have been generated by the healthcare
facility or adopted by the facility. They may comprise the
considered “best practices” of the facility and may be
updated from time to time. These preestablished values may
contain “hard” and “soft” limit values or dynamic guardrails
on dosing parameters and other infusion parameters. The
facility may set a soft limit for a drug infusion parameter that
is a value not normally exceeded in the administration of this
drug, but which may be exceeded in exceptional circum-
stances. The facility may set a hard limit on a drug infusion
parameter that is a value not to be exceeded in this facility.
Similarly, the facility may set a soft limit value for a drug
infusion parameter for doses that are below a normal range
used by the facility, and a hard limit on a drug infusion
parameter that is a value below which a dose may not be
given in the facility. In such circumstances, a low or high
dose alert may be triggered to prevent potential underdosing
or overdosing.

Once the infusion parameter values have been entered
into the medical device 80 by the caregiver and those values
have been communicated to the control system 40, the
control system 40 may then enter a verification stage in
which it compares each of the selected values against the
medication guidelines database 60 and patient-specific infor-
mation from the patient information database 62 to verify
that the entered infusion values are within acceptable ranges.
If a value contravenes a hard limit, the control system 40
may generate an alarm at the control system 40 or the
medical device 80 and require a value change before opera-
tion of the medical device 80 can begin. If the selected
infusion parameter value contravenes a soft limit, the control
system 40 may require an acknowledgment from the care-
giver that he or she understands that the value entered is
outside a soft limit and that this value is nevertheless to
remain in force before the medication administration can
begin. In certain aspects, the control system 40 may also
require that the caregiver provide a reason for entering the
value. If the acknowledgment is obtained from the caregiver,
the control system 40 may authorize the administration of
the medication by the medical device 80.

The control system 40 is capable of retrieving medication
administration parameters or information from a medication
administration device 80, and storing data or information
concerning various transactions in its memory 42 represent-
ing the identity and treatment regimens for medications
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given to a patient, as well as other information, such as
caregiver identity, equipment location, patient vital signs
information, or any other information sought to be recorded.
The control system 40 may also store data or information
concerning primary or secondary validation of previous
and/or duplicate transactions of medical treatment informa-
tion. The control system 40 may also provide, for display,
messages or other information to a caregiver, such as warn-
ings or prompts to enter data, related to medication admin-
istration. Moreover, information entry means of the control
system 40 may be used for manually entering information
into the control system 40 for storage in the memory 42 of
the control system 40. In certain aspects, the control system
40 may store information in memory 42 representing patient
specific treatments spanning multiple treatments or hospi-
talizations. For example, the control system 40 may identify
and track how much chemotherapy a patient receives in
order to prevent a maximum dosage of chemotherapy over
a time period being exceeded. As another example, the
control system 40 may identify and track how much alcohol
is contained in a medication being provided to the patient in
order to prevent a certain amount of alcohol being exceeded
for a patient having liver failure.

While specific examples of a control system 40 are set
forth herein, it will be understood that the control system 40
is meant to include any device that carries out the basic
concept of the disclosure. That is, a device that receives
medication administration or treatment information from a
medication administration device, such as, for example, but
not limited to, an infusion pump or other instrument which
performs similar functions, receives information specific to
one or many patients, and has a processor capable of
comparing the received information to institutionally estab-
lished medication administration guidelines or other perti-
nent information or data, such as drug interaction informa-
tion and/or a library of possible side-effects, and then
providing an indication of the result of the comparison to a
caregiver before administration of a medication to a patient
is begun, will accomplish the aims of the present disclosure.
A particularly advantageous embodiment includes storing
information about the medication administration, such as the
medication administration or treatment parameters, and/or
other information, such as the identity of the patient and
caregiver, in the memory of the medications guidelines
database 60 until the medications guidelines database 60
re-establishes a communication connection with the control
system 40, whereby the information stored in the memory of
the medications guidelines database 60 may be communi-
cated to the control system 40 and incorporated into one or
more of an institution’s information databases. Similarly,
information about the medication administration, such as the
medication administration or treatment parameters, and/or
other information, such as the identity of the patient and
caregiver, may be stored in the memory of the medical
device 80 until, for example, the medical device 80 re-
establishes a communication connection with the control
system 40. Updating the databases provides a verification
that the treatment has been rendered, thereby avoiding a
duplicate treatment. In this manner, the present disclosure
“closes the loop” ensuring that the right medication has been
given in the right manner to the right patient through the
rights route at the right time.

It is not unusual at present to find patient stations 70
having a computer 72 located at patient bedsides in a
healthcare facility. Such stations 70 may serve a single
patient, or may serve more than one patient, depending on
the design and arrangement of the patient area. There may
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also be a variety of equipment or clinical devices attached to
the bedside computer 72. Examples of such devices are a bar
code reader 74, a printer 76, patient monitoring equipment
(not shown) for monitoring patient vital signs, or other
patient-specific assets (e.g., medical devices) assigned to the
patient. Other infusion or drug delivery devices and/or
patient monitoring equipment such as cardiac or respiratory
monitors may also comprise or form a part of the medical
device.

The bedside equipment and clinical devices are typically
equipped with data communication technology such as RS
232 serial ports or proprietary communication ports that
allow information and data to be communicated to and from
the equipment or clinical device. Using this communication
technology, the bedside equipment and clinical devices may
be connected to the bedside computer 72, or, alternatively,
they may be connected, either by wire or wireless system, to
the facility communication system 30. Wireless technology,
such as RF, infrared (IR), or other wireless communication
protocols, may be used, and wired technology establishing a
local area network (LAN), Ethernet, or others may be used.

In accordance with an aspect of the present disclosure, the
medical device 80 may include a communication device 82
used to provide communications between the medical device
and the control system 40. Various forms of such a com-
munication device may be used, such as wired or wireless
communication.

One particular mode of operation of the present disclosure
will now be described. A patient entering a healthcare
facility is provided with a wrist band, necklace, ankle band,
or other band, chain, or device designed to remain affixed to
or embedded in the patient during the patient’s entire stay in
the healthcare facility (the “patient ID”). The patient 1D is
designed to remain affixed in a manner so that the patient can
be identified even if unconscious or otherwise unresponsive.
The patient ID is used to identify specific patient data, such
as the patient’s name and other information that the facility
has determined is important, such as age, allergies, or other
vital information. The patient identifying device may com-
prise a bar code, written information, or an electronic
information storage device, such as an RF transponder (e.g.,
RFID tag), that contains the information, or other device
affixed to the patient. In the case where the patient-specifi-
cation information may also include the patient’s medication
administration record (MAR). This would allow for consis-
tent documentation and also checks against drug interaction
in the medication guidelines database 60.

Such RFID tags, barcodes, and other technologies useful
in identification, may be applied to others and to other things
in providing healthcare to patients. For example, physicians,
nurses, and other caregivers, as well as others who have
access to patients and facilities, may also have an RFID tag
that can be read anywhere in the healthcare facility. The
medical fluid containers may contain RFID tags having
information about the contents of the container as well as the
patient for whom they have been prepared, the pharmacist
who prepared them, and the physician who prescribed them.
The infusion pumps and other healthcare instruments and
devices may have RFID tags useful for inventory control.
Even though the instruments may be connected to the
healthcare facility communication system 30, RFID tags can
be useful for manual inventory purposes as well as for other
purposes. Their low cost make them attractive as a backup
support system.

After the patient is admitted and situated in a bed within
the facility, the patient is typically evaluated by a physician
and a course of treatment is prescribed. The physician
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prescribes a course of treatment by preparing an order that
may request a series of laboratory tests or the administration
of a particular medication to the patient. In some case, the
physician prepares the order by filling in a form or writing
the order on a slip of paper to be entered into the healthcare
facility system for providing care. In other cases, the phy-
sician may enter the medication order directly into a phy-
sician order entry system 38 (FIG. 1) or may instruct a nurse
or other care-giving professional to do so. In yet another
case, the physician may use the Internet to forward and enter
a prescription for the patient into the pharmacy system.
Depending on the arrangement at the healthcare facility, the
physician’s order or prescription may directly reach a web-
site for the pharmacy information system 36 or may go to a
website for the healthcare facility where it may then be
routed to the pharmacy information system 36.

Pharmacy information systems 36 may enable a safer
physician medication order process. The pharmacy informa-
tion system 36 may provide the physician with a list of
available drugs from which the physician may select. The
pharmacy information system 36 may contain a drug library
having the list of available drugs but may also contain and
present to the physician the drug names associated with
recommended dosages and dose limits that have been estab-
lished or adopted by the healthcare facility. In such a case
where the physician need only select items from the com-
puter screen rather than having to manually type in drug
names and drug administration numbers (such as infusion
rates, times, etc.) associated with administration of the
medication, a more accurate medication process should
result.

If'the order is for administration of a particular medication
regimen, the order will be transmitted to the facility’s
pharmacy information system 36. The pharmacy reviews the
order and prepares the medication according to the require-
ments of the physician. Typically, the pharmacy packages
the medication in a container, and a copy of the order, or at
a minimum the patient’s name, the drug name, and the
appropriate treatment parameters are represented on a label
or other device that is affixed to the drug container. This
information may be represented by a bar code, or it may be
stored in a smart label, such as a label having an embedded
computer, or in a passive device such as an RFID tag
discussed above.

Once the order has been prepared, the order is sent to the
nurse station 44 for matching with the appropriate patient.
Alternatively, if the medication is for a commonly or rou-
tinely prescribed medication, the medication may be
included in an inventory of medications that is stored in a
secure cabinet adjacent the nurse station 44. In such a case,
the nurse station 44 will receive a list of orders from the
pharmacy information system 36 that may be drawn from
the inventory adjacent the nurse station 44. The caregiver
will enter a unique identifier at the cabinet to gain access in
accordance with standard practice. The caregiver or other
professional assigned the task of gathering medications will
then match the orders received from the pharmacy informa-
tion system 60 to the medications stored in the inventory and
pull those medications that are to be delivered to specific
patients. These procedures are carried out whether the
medication to be delivered is an oral medication, or a
medication that is to be delivered intramuscularly or through
an infusion.

When the prescribed time for delivery of the medication
or medications arrives, the medications are carried to the
patient’s area and administered to the patient by the care-
giver. In the case of drugs to be delivered via infusion, the
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caregiver hangs the infusion bag and prepares the infusion
line, attaches the bag to an infusion pump 80, and sets up the
infusion pump to deliver the medication by programming
the pump with values for various parameters that are used by
the pump to control delivery of the medication to the patient.
When the medication delivery parameters are entered into
the pump, the pump communicates the entered parameters to
the medications guidelines database 60 where the param-
eters are compared by the control system 40 to institution-
ally established medication administration guidelines stored
in the medication guidelines database 60 in view of patient-
specific information from the patient information database
62. If the outcome of the comparison indicates that the
entered parameters are within the guidelines, a message is
provided to the caregiver informing the caregiver that the
entered parameters are acceptable and that delivery of the
medication may begin.

Alternatively, the infusion pump may include a fail-safe
circuit or device that prohibits initiation of infusion until the
medical device 80 receives a signal from the medications
guidelines database 60 that the entered parameters are within
the institutionally established or approved guidelines. Once
such a signal is received by the infusion pump, the pump
may be started to deliver the medication. Where the com-
parison is not favorable, such as where one or more param-
eters fall outside of the institutionally established or
approved guidelines, a message to that effect is provided to
the caregiver, and the caregiver is prompted to correct the
out-of-range parameter or parameters, or enter an override.
It will be understood by those skilled in the art that these
procedures may be embodied in a portable medications
guidelines database 60 such as a PDA as described above, or
they may be embodied in an MDC that is integrated in or
associated with a particular medical device.

FIG. 2 is a block diagram 200 illustrating an example
control system 40 (or “limiting system”), medical device 80,
and server 130 from the architecture of FIG. 1 according to
certain aspects of the disclosure. The control system 40, the
medical device 80, and the server 130 are connected over the
network 30 via respective communications modules 210,
156, and 138. The communications modules 210, 156, and
138 are configured to interface with the network 30 to send
and receive information, such as data, requests, responses,
and commands to other devices on the network. The com-
munications modules 210, 156, and 138 can be, for example,
modems or Ethernet cards and communicate over a wired or
wireless connection.

The control system 40 includes a processor 212, the
communications module 210, and a memory 42 that
includes a control application 208 and a medication guide-
lines database 60. The medication guidelines database
includes acceptable operating parameters for providing
medication to a patient using the medical device 80. In
certain aspects, the acceptable operating parameters of the
medication guidelines database 60 include a plurality of
rules indicating whether the patient-specific information
includes a value (e.g., physiological data reading) that is
within or exceeds a threshold define by at least one of the
rules. The rule can indicate, for example, a maximum or
minimum total amount of the medication to provide to the
patient over a period of time. For example, if a medication
is provided solely based on an obese patient’s weight, then
the amount of the medication given over a one hour period
may significantly exceed known safety limits. Accordingly,
a limit may be placed on delivery of the medication based on
a total amount of medication delivered (as non-weight
based) or the total amount delivered over a period of time
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where the medication was programmed by the user as a
weight based delivery. This addresses the patent of increased
safety during medication delivery when programming an
infusion as weight based medication and the limits for that
medication are established within the hospital dataset as
both 1) weight based limits and 2) non-weight based (not-
to-exceed) limits. As such, the acceptable operating limit
parameters in the medication guidelines database 60 can be
hard or soft limits/guardrails. The acceptable operating limit
parameters in the medication guidelines database 60 can
include a rate at which to provide the medication, an amount
of the medication to provide, and a length of time to provide
the medication.

The medical device 80 is configurable with operating
limit parameters for providing medication to a patient. The
medical device 80 can be, for example, an infusion pump or
ventilator. The medical device 80 includes an input device
216, such as a keypad, for manual entry of operating
parameters 234 (e.g., dosing limits), as well as a display
device 214, such as a monitor, for notifications and confir-
mation of entered operating parameters 234.

The processor 212 of the control system 40 is configured
to execute instructions, such as instructions physically coded
into the processor 212, instructions received from software
in memory 42, or a combination of both. For example, the
processor 212 of the control system 40 executes instructions
to receive patient-specific information for a patient from a
patient information database 62 stored in a memory 132 of
a server 130. The patient-specific information can be
received from an external data system (e.g., server 130) in
a native message format of the external data system, and the
processor 212 of the control system 40 can be configured to
convert the patient-specific information into an internal
messaging format configured for use with the control system
40. The processor 212 can be configured to perform the
conversion according to the system and method of convert-
ing messages being sent between data systems using differ-
ent communication protocols and message structures
described in U.S. patent application Ser. No. 13/421,776,
entitled “Scalable Communication System,” and filed on
Mar. 15, 2012, the disclosure of which is hereby incorpo-
rated by reference in its entirety for all purposes. The
memory 42 of the control system 40 can include, for
example, an interface module for communicating with the
server 130. The interface module can include information on
the communication protocol and data structure used by the
server 130 and is configured to both receive messages from
and transmit messages to the server 130.

The processor 136 of the server 130 is configured to
collect and store in the patient information database 62
patient-specific information from the physician order entry
system 38, pharmacy information system 36, and healthcare
facility information system 34 over the network 30. In
certain aspects, the patient information database 62 can be
stored in the memory 42 of the control system 40. The
patient-specific information includes, for example, labora-
tory data for a patient. The laboratory data can include a
blood coagulation measure, a vitamin level, a platelet count
value, a thromboplastin time, or a serum level for a patient.
The patient-specific information can also include a medica-
tion ordered for the patient, a time at which the medication
is ordered for the patient, a treatment plan for the patient, a
medication resistance of the patient, a weight of the patient,
a height of the patient, a body surface area of the patient, an
age of the patient, a gender of the patient, or an ethnicity of
the patient.
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The processor 212 of the control system 40 is configured
to compare the acceptable operating parameters in the
medication guidelines database 60 with the patient-specific
information from the patient information database 62, and
provide a modification (e.g., by instructing a processor 143
of the medical device 80) the operating parameters 234 in
the memory 234 of the medical device 80 for providing the
medication to the patient based on the comparison of the
acceptable operating parameters with the patient-specific
information. The modified operating parameters 234 can be
provided for display on the display device 214 of the
medical device 80, or can automatically be implemented in
the operating parameters 234 of the medical device 80.

The processor 212 can, for example, modify the operating
parameters 234 based on the patient-specific information by
defining at least one of a maximum value or minimum value
for at least one operating parameter 234 associated with
delivery of the medication to the patient based on the
patient-specific information. The processor 212 can, for
example, modify the operating parameters 234 based on the
patient-specific information by defining at least one of a pair
of a soft maximum value that can be exceeded and a hard
maximum value that cannot be exceeded, or a soft minimum
value that can be exceeded and a hard minimum value that
cannot be exceeded for at least one operating parameter 234
associated with delivery of the medication to the patient
based on the patient-specific information from the patient
information database 62.

Several examples of modifications made by the control
system 40 to the operating parameters 234 of the medical
device 80 based on patient-specific information and the
medication guidelines database 60 will now be presented. In
one example, if information specific to a patient indicates the
patient has two consecutive blood sugar results greater than
180 mg/dL. within a 24 hour period, then the operating
parameters 234 of the medical device 80 providing medi-
cation to the patient can be modified by the control system
40 to reflect the patient suffering from hyperglycemia. As a
further example, if information specific to a patient indicates
the patient has a blood sugar result of less than 70 mg/dL,,
then the operating parameters 234 of the medical device 80
providing medication to the patient can be modified by the
control system 40 to reflect the patient suffering from
hypoglycemia (e.g., to decrease an amount of insulin being
provided to the patient). As yet another example, if infor-
mation specific to a patient indicates the patient has a serum
potassium result of less than or equal to 3.2, then the
operating parameters 234 of the medical device 80 providing
medication to the patient can be modified by the control
system 40 to reflect the patient suffering from hypokalemia,
and optionally recommending an increase an amount of
potassium being provided to the patient. As another
example, if information specific to a patient indicates the
patient has a serum potassium result of less than or equal to
3.5 while on digoxin or dofetilide, then the operating param-
eters 234 of the medical device 80 providing medication to
the patient can be modified by the control system 40 to
reflect the patient suffering from hypokalemia while taking
medications. As a further example, if information specific to
a patient indicates the patient has a serum potassium result
of greater than or equal to 5.0 while on angiotensin con-
verting enzyme inhibitors, angiotensin receptor Il blockers,
potassium sparing diuretics, potassium supplements, or
aliskiren, then the operating parameters 234 of the medical
device 80 providing medication to the patient can be modi-
fied by the control system 40 to reflect the patient suffering
from hyperkalemia while taking medications. As another
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example, if information specific to a patient indicates the
patient has a serum calcium result of less than 8.6 mg/dL,,
then the operating parameters 234 of the medical device 80
providing medication to the patient can be modified by the
control system 40 to reflect the patient suffering from
hypocalcemia. As yet another example, if information spe-
cific to a patient indicates the patient has a serum calcium
result of greater than 10.2 mg/dL, then the operating param-
eters 234 of the medical device 80 providing medication to
the patient can be modified by the control system 40 to
reflect the patient suffering from hypercalcemia. As a further
example, if information specific to a patient indicates the
patient has a serum magnesium result of less than 1.5 mg/dL,,
then the operating parameters 234 of the medical device 80
providing medication to the patient can be modified by the
control system 40 to reflect the patient suffering from
hypomagnesemia.

As another example, if information specific to a patient
indicates the patient has a serum magnesium result of more
than 2.4 mg/dl, then the operating parameters 234 of the
medical device 80 providing medication to the patient can be
modified by the control system 40 to reflect the patient
suffering from hypermagnesemia. As yet another example, if
information specific to a patient indicates the patient has a
serum phosphate result of less than 2.7 mg/dL, then the
operating parameters 234 of the medical device 80 providing
medication to the patient can be modified by the control
system 40 to reflect the patient suffering from hypophos-
phatemia. As a further example, if information specific to a
patient indicates the patient has a serum phosphate result of
more 4.5 mg/dL, then the operating parameters 234 of the
medical device 80 providing medication to the patient can be
modified by the control system 40 to reflect the patient
suffering from hyperphosphatemia. As another example, if
information specific to a patient indicates the patient has a
serum magnesium or serum phosphorus concentration above
a threshold value (e.g., set by a user), then the operating
parameters 234 of the medical device 80 providing medi-
cation to the patient can be modified by the control system
40 to reflect the patient suffering from high or low magne-
sium or high or low phosphorus.

In one example, if information specific to a patient
indicates the patient has a blood coagulation measure or
“INR” greater than 3.0, and Vitamin K has been ordered for
the patient within 24 hours of the INR collected date and
time, then the operating parameters 234 of the medical
device 80 providing medication to the patient can be modi-
fied by the control system 40 to reflect high INR and Vitamin
K for the patient. As another example, if information specific
to a patient indicates the patient has an INR greater than 3.5
within 72 hours of an order of Warfarin for the patient, then
the operating parameters 234 of the medical device 80
providing medication to the patient can be modified by the
control system 40 to reflect high INR and Warfarin for the
patient. As another example, if information specific to a
patient indicates the patient has platelet count less than
125,000/L, or that the patient’s platelet count has fallen by
more than 50% while on (or within 14 hours after a
discontinuation of) a certain medication, such as unfrac-
tioned heparin, dalteparin, enoxaparin, tinzaparin, or glyco-
protein inhibitors, then the operating parameters 234 of the
medical device 80 providing medication to the patient can be
modified by the control system 40 to reflect the patient
suffering from thrombocytopenia and a critical drop in a
drug. As another example, if information specific to a patient
indicates the patient has not had a baseline platelet count
within seven days prior to the start of a scheduled dose of
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heparin, then the operating parameters 234 of the medical
device 80 providing medication to the patient can be modi-
fied by the control system 40 to reflect not having a baseline
platelet prior to starting heparin. As another example, if
information specific to a patient indicates the patient has not
had a platelet count performed within a certain number of
hours once heparin has been active for four days, then the
operating parameters 234 of the medical device 80 providing
medication to the patient can be modified by the control
system 40 to reflect no platelet count within the certain
number of hours and having taken heparin for four days.

In certain aspects where the medical device 80 is config-
urable with operating parameters 234 for providing a mix-
ture comprising at least two medications to a patient, the
medication guidelines database 60 includes acceptable oper-
ating parameters for providing the mixture to the patient
using the medical device. For example, if an anesthetic agent
(e.g., Bupivacaine) is mixed with an analgesic agent (Fenta-
nyl) in a single solution drug mixture cocktail, then the
medication guidelines database 60 can evaluate the concen-
tration of the two agents and determine limits for dosing the
drug mixture cocktail based on the concentration of the two
agents in the drug mixture cocktail.

In certain aspects, the processor 212 of the control system
50 being configured to compare the acceptable operating
parameters from the medication guidelines database 60 with
the patient-specific information from the patient information
database 62 includes the processor comparing a first weight
(e.g., lean body weight or total body weight) of the patient
provided to the medical device 80 with a second weight
(e.g., lean body weight or total body weight) of the patient
provided to another medical device. For example, on a first
channel, a patient’s weight is based on lean body weight as
70 kilograms. On a second channel, the patient’s weight is
based on a total body weight of 80 kilograms. In other
words, the control system 50 permits two medical devices 80
to accept different weights of a patient for different medi-
cations. The system would further allow the institution to
establish an allowable percent or absolute value of variance
between weights used on the same patient. For example if
the allowed variance is 10%, then all weights in the system
would have to be within 10% of one another. This would
prevent patient weight entry errors that can result in serious
over or under dosing. This is covered in Paragraph 0063 as
well. Such functionality is particularly relevant for very
obese patients that may have a significant difference in their
lean body weight and their total body weight. Dosing a very
obese patient that is based on total body weight can be
inappropriate.

As such, the control system 40 is configured to place
guardrails based on a patient’s weight. Specifically, the
control system 40 is configured to identify and compare the
weight that is entered on the first channel and the second
channel. For example, if an infusion is running on a pediatric
patient of 10 kilograms on a first channel and when a second
channel is being prepared a default weight of 10 kilograms
is entered based on the first channel. The clinician acciden-
tally enters “110” kilograms as the weight of the pediatric
patient on the second channel, which may cause the pediatric
patient to receive about ten times the amount of the drug
they would be prescribed simply because of the clinician’s
error. The control system 40 can indicate, for example, that
the patient’s weight being entered is out or differs by a
certain percentage (e.g., 10%, 20%) or by an absolute value,
e.g., 5 pounds or kilograms set by a user or institution, and
apply either hard or soft limits to the medication being
provided to the patient.
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In certain aspects, the processor 212 of the control system
50 being configured to modify the operating parameters 234
of the medical device 80 for providing the medication to the
patient includes the processor 212 being configured to
modify the operating parameters 234 based on a determi-
nation of the acceptable operating parameters for a person
having the patient’s body surface area (e.g., determined
using information from the patient information database 62).
Body surface area or actual surface area of the patient can be
a more accurate measure for dose modification by the
control system 40 for determining the operating parameters
234 as compared to a patient’s weight. In certain cases, a
better therapeutic response can be obtained for a medication
if the medication is dosed based on a patient’s body surface
area as opposed to the patient’s weight. For example a lean
patient weighing 350 lbs will have less body surface area
than an obese patient weighing 350 Ibs. If body surface area
were not considered, then both patients would be given the
same dose of a medication, which can be incorrect. If a
medication is provided to a patient based on the patient’s
weight, but the body surface area indicates that the patient
is being provided too much of the medication as determined
by the control system 40, then the control system 40 can
modify the operating parameters 234 accordingly.

Similarly, in certain aspects, the processor 212 of the
control system 50 being configured to modify the operating
parameters 234 of the medical device 80 for providing the
medication to the patient includes the processor 212 being
configured to modify the operating parameters 234 based on
a determination of the acceptable operating parameters for a
person’s weight. Patient weight can be an accurate measure
for dose modification by the control system 40 for deter-
mining the operating parameters. In certain cases, a safer
therapeutic response can be obtained for a medication if the
medication does not exceed the maximum total dose (e.g.,
“not-to-exceed”) that is dosed based not a patient’s weight
when the dose was programmed as a weight-based dose. For
example if the medication was ordered by the physician and
the dose was based on the patients weight and the maximum
total dose (not-to-exceed) non-weight based limit was
exceed an alert will be displayed to the user telling them the
weight based dose programmed exceeds the hospital estab-
lished database maximum (not-to-exceed) non-weight based
limit. 350)

In certain aspects, the processor 212 of the control system
40 is configured to provide a notification to the medical
device 80 indicating that the operating parameters 234 for
providing the medication to the patient have been modified
based on the patient-specific information from the patient
information database 62. For example, the processor 212 of
the control system 40 can instruct the processor 154 of the
medical device 80 to display an alert with operating param-
eters 234 that have been modified by the control system 40
based on patient-specific information and the medication
guidelines database 60. The display can be seen by a
clinician near the medical device 80. In certain aspects, the
processor 212 is further configured to receive an input from
a caregiver to override the modification of the operating
parameters 234. Thus, the caregiver can override the modi-
fication provided by the control system 40 by using the input
device 216 of the medical device 80. In addition to a
confirmation to override the modified operating parameters,
the caregiver can also be required to provide a reason why
the caregiver has overrode the modification of the operating
parameters 234. The processor is configured to record when
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the caregiver overrides the modification of the operating
parameters 234, such as in the memory 42 of the control
system 40.

In certain aspects where the processor 212 of the control
system 40 is configured to provide a notification to the
medical device 80, the processor 212 is configured to receive
configuration parameters for determining whether to provide
the notification based on an identity of a caregiver, identi-
fication of a location of the medical device, or an institu-
tional preference. For example, the processor 212 can con-
figure the medical device 80 to require a confirmation step
for operating parameters 234 that exceed high limit warn-
ings (e.g., a maximum amount for a medication dose), but
not for low limit warnings (e.g., a minimum amount for the
medication dose). As another example, the processor 212
can configure the medical device 80 to require a confirma-
tion step for certain critical medications, or for a first time
a medication is provided to a patient using the medical
device 80. The configuration for when to display an alert and
for what reasons can be set by an institution in which the
medical device 80 is located.

As yet another example, the processor 212 can configure
the medical device 80 to display alerts and/or require a
confirmation step based on a care area in which the medical
device 80 is located or by the caregiver associated with the
medical device. For instance, in an operating room, the
operating parameters 234 for providing a medication are
usually very different than the operating parameters 234 for
providing a medication to a patient in a pediatric ward. The
operating parameters 234 of the medical device 80 can be
configured or otherwise modified by the control system 40
accordingly. As another example, if a caregiver associated
with a medical device 80 is highly trained with over 10 years
of experience, then an alert may not be displayed to the
caregiver as compared to another caregiver with limited
experience.

FIG. 3 is functional block diagram illustrating an example
process for reducing medication errors for a patient using a
programmable medical device 80 and a control system 40 by
referencing a medication guidelines database 60 in view of
information specific to the patient. Beginning in step 110, a
caregiver programs a medical device 80 with operating
parameters 234 or other information necessary to deliver a
particular medication to a patient. Next, in step 112, a
communication link between the medical device 80 and the
medications guidelines database 60 is established. In certain
aspects, the communication link between the medical device
80 and the medications guidelines database 60 is established
prior to the caregiver programming the medical device 80,
where for example the medical device 80 may initially be
programmed (e.g., for caregiver review and approval) by
another system. The medical device 80 communicates the
operating parameters 234 or other information to the control
system 40 in step 114. The processor 212 of the control
system 40 then compares the communicated operating
parameters 234 of the medical device 80 to institutionally
established guidelines in the medication guidelines database
60 in view of patient-specific information for the patient
received from the patient information database 62 of the
server 130. In decision step 118, a determination is made
whether any of the operating parameters 234 of the medical
device 80 are out of range, that is, fall outside of the
institutionally established guidelines or limits of the medi-
cation guidelines database 60 in view of the patient-specific
information.

If it is determined that the operating parameters 234 of the
medical device 80 are within range in view of the patient-
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specific information, then the process proceeds to step 120
in which a confirmation message for the operating param-
eters 234 is sent to the medical device 80. Upon receipt of
this confirmation message, the medical device 80 unlocks
and allows initiation of the medication delivery by the
medical device 80. This approach would have particular
application to the hard and soft limits feature in the drug
library, as discussed above. Should a soft limit be contra-
vened, an input to the medical device 80 from the caregiver
would be required before the control system 40 unlocks the
medical device 80. Should a hard limit be contravened, the
medical device 80 would not be unlocked by the control
system 40. Next, in step 122, medication delivery by the
medical device 80 is permitted to proceed.

If it is determined that any of the operating parameters
234 of the medical device 80 are out of range in view of the
patient-specific information, then an alert is provided to the
medical device 80 in step 124. The alert can be audible,
visible, or both. For example, messages such as “consistent”
or “not inconsistent” may be provided thus giving the
caregiver further information upon which to base her deci-
sion as to using the medical device 80. These latter messages
may indicate that the parameters are “consistent” with the
healthcare facility guidelines stored in the control system 40.
Next, in step 126, modified operating parameters 234 deter-
mined by the control system 40 based on the medication
guidelines database 60 in view of the patient specific infor-
mation from the patient information database 62 are pro-
vided to the medical device 80. If the modified operating
parameters 234 are accepted in decision step 128, the
process proceeds to step 120 described above. If the modi-
fied operating parameters 234 are not accepted in decision
step 128, the process proceeds to beginning step 110
described above.

FIG. 4 is a block diagram illustrating an example com-
puter system 400 with which the control system 40, medical
device 80, and server 130 of FIG. 2 can be implemented. In
certain aspects, the computer system 400 may be imple-
mented using hardware or a combination of software and
hardware, either in a dedicated server, or integrated into
another entity, or distributed across multiple entities.

Computer system 400 (e.g., control system 40, medical
device 80, and server 130) includes a bus 408 or other
communication mechanism for communicating information,
and a processor 402 (e.g., processor 212, 154, and 136)
coupled with bus 408 for processing information. By way of
example, the computer system 400 may be implemented
with one or more processors 402. Processor 402 may be a
general-purpose microprocessor, a microcontroller, a Digital
Signal Processor (DSP), an Application Specific Integrated
Circuit (ASIC), a Field Programmable Gate Array (FPGA),
a Programmable Logic Device (PLD), a controller, a state
machine, gated logic, discrete hardware components, or any
other suitable entity that can perform calculations or other
manipulations of information.

Computer system 400 can include, in addition to hard-
ware, code that creates an execution environment for the
computer program in question, e.g., code that constitutes
processor firmware, a protocol stack, a database manage-
ment system, an operating system, or a combination of one
or more of them stored in an included memory 404 (e.g.,
memory 42, 152, and 132), such as a Random Access
Memory (RAM), a flash memory, a Read Only Memory
(ROM), a Programmable Read-Only Memory (PROM), an
Erasable PROM (EPROM), registers, a hard disk, a remov-
able disk, a CD-ROM, a DVD, or any other suitable storage
device, coupled to bus 408 for storing information and
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instructions to be executed by processor 402. The processor
402 and the memory 404 can be supplemented by, or
incorporated in, special purpose logic circuitry.

The instructions may be stored in the memory 404 and
implemented in one or more computer program products,
i.e., one or more modules of computer program instructions
encoded on a computer readable medium for execution by,
or to control the operation of, the computer system 400, and
according to any method well known to those of skill in the
art, including, but not limited to, computer languages such
as data-oriented languages (e.g., SQL, dBase), system lan-
guages (e.g., C, Objective-C, C++, Assembly), architectural
languages (e.g., Java, NET), and application languages
(e.g., PHP, Ruby, Perl, Python). Instructions may also be
implemented in computer languages such as array lan-
guages, aspect-oriented languages, assembly languages,
authoring languages, command line interface languages,
compiled languages, concurrent languages, curly-bracket
languages, dataflow languages, data-structured languages,
declarative languages, esoteric languages, extension lan-
guages, fourth-generation languages, functional languages,
interactive mode languages, interpreted languages, iterative
languages, list-based languages, little languages, logic-
based languages, machine languages, macro languages,
metaprogramming languages, multiparadigm languages,
numerical analysis, non-English-based languages, object-
oriented class-based languages, object-oriented prototype-
based languages, off-side rule languages, procedural lan-
guages, reflective languages, rule-based languages, scripting
languages, stack-based languages, synchronous languages,
syntax handling languages, visual languages, wirth lan-
guages, embeddable languages, and xml-based languages.
Memory 404 may also be used for storing temporary vari-
able or other intermediate information during execution of
instructions to be executed by processor 402.

A computer program as discussed herein does not neces-
sarily correspond to a file in a file system. A program can be
stored in a portion of a file that holds other programs or data
(e.g., one or more scripts stored in a markup language
document), in a single file dedicated to the program in
question, or in multiple coordinated files (e.g., files that store
one or more modules, subprograms, or portions of code). A
computer program can be deployed to be executed on one
computer or on multiple computers that are located at one
site or distributed across multiple sites and interconnected
by a communication network. The processes and logic flows
described in this specification can be performed by one or
more programmable processors executing one or more com-
puter programs to perform functions by operating on input
data and generating output.

Computer system 400 further includes a data storage
device 406 such as a magnetic disk or optical disk, coupled
to bus 408 for storing information and instructions. Com-
puter system 400 may be coupled via input/output module
410 to various devices. The input/output module 410 can be
any input/output module. Example input/output modules
410 include data ports such as USB ports. The input/output
module 410 is configured to connect to a communications
module 412. Example communications modules 412 (e.g.,
communications module 210, 156, and 138) include net-
working interface cards, such as Ethernet cards and
modems. In certain aspects, the input/output module 410 is
configured to connect to a plurality of devices, such as an
input device 414 (e.g., input device 216) and/or an output
device 416 (e.g., display device 214). Example input devices
414 include a keyboard and a pointing device, e.g., a mouse
or a trackball, by which a user can provide input to the
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computer system 400. Other kinds of input devices 414 can
be used to provide for interaction with a user as well, such
as a tactile input device, visual input device, audio input
device, or brain-computer interface device. For example,
feedback provided to the user can be any form of sensory
feedback, e.g., visual feedback, auditory feedback, or tactile
feedback; and input from the user can be received in any
form, including acoustic, speech, tactile, or brain wave
input. Example output devices 416 include display devices,
such as a LED (light emitting diode), CRT (cathode ray
tube), or LCD (liquid crystal display) screen, for displaying
information to the user.

According to one aspect of the present disclosure, the
control system 40, medical device 80, and server 130 can be
implemented using a computer system 400 in response to
processor 402 executing one or more sequences of one or
more instructions contained in memory 404. Such instruc-
tions may be read into memory 404 from another machine-
readable medium, such as data storage device 406. Execu-
tion of the sequences of instructions contained in main
memory 404 causes processor 402 to perform the process
steps described herein. One or more processors in a multi-
processing arrangement may also be employed to execute
the sequences of instructions contained in memory 404. In
alternative aspects, hard-wired circuitry may be used in
place of or in combination with software instructions to
implement various aspects of the present disclosure. Thus,
aspects of the present disclosure are not limited to any
specific combination of hardware circuitry and software.

Various aspects of the subject matter described in this
specification can be implemented in a computing system that
includes a back end component, e.g., as a data server, or that
includes a middleware component, e.g., an application
server, or that includes a front end component, e.g., a client
computer having a graphical user interface or a Web browser
through which a user can interact with an implementation of
the subject matter described in this specification, or any
combination of one or more such back end, middleware, or
front end components. The components of the system can be
interconnected by any form or medium of digital data
communication, e.g., a communication network. The com-
munication network (e.g., network 30) can include, for
example, any one or more of a personal area network (PAN),
a local area network (LAN), a campus area network (CAN),
a metropolitan area network (MAN), a wide area network
(WAN), a broadband network (BBN), the Internet, and the
like. Further, the communication network can include, but is
not limited to, for example, any one or more of the following
network topologies, including a bus network, a star network,
a ring network, a mesh network, a star-bus network, tree or
hierarchical network, or the like. The communications mod-
ules can be, for example, modems or Ethernet cards.

Computing system 400 can include clients and servers. A
client and server are generally remote from each other and
typically interact through a communication network. The
relationship of client and server arises by virtue of computer
programs running on the respective computers and having a
client-server relationship to each other. Computer system
400 can be, for example, and without limitation, a desktop
computer, laptop computer, or tablet computer. Computer
system 400 can also be embedded in another device, for
example, and without limitation, a mobile telephone, a
personal digital assistant (PDA), a mobile audio player, a
Global Positioning System (GPS) receiver, a video game
console, and/or a television set top box.

The term “machine-readable storage medium” or “com-
puter readable medium” as used herein refers to any medium
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or media that participates in providing instructions or data to
processor 402 for execution. Such a medium may take many
forms, including, but not limited to, non-volatile media,
volatile media, and transmission media. Non-volatile media
include, for example, optical disks, magnetic disks, or flash
memory, such as data storage device 406. Volatile media
include dynamic memory, such as memory 404. Transmis-
sion media include coaxial cables, copper wire, and fiber
optics, including the wires that comprise bus 408. Common
forms of machine-readable media include, for example,
floppy disk, a flexible disk, hard disk, magnetic tape, any
other magnetic medium, a CD-ROM, DVD, any other
optical medium, punch cards, paper tape, any other physical
medium with patterns of holes, a RAM, a PROM, an
EPROM, a FLASH EPROM, any other memory chip or
cartridge, or any other medium from which a computer can
read. The machine-readable storage medium can be a
machine-readable storage device, a machine-readable stor-
age substrate, a memory device, a composition of matter
effecting a machine-readable propagated signal, or a com-
bination of one or more of them.

As used herein, the phrase “at least one of” preceding a
series of items, with the terms “and” or “or” to separate any
of the items, modifies the list as a whole, rather than each
member of the list (i.e., each item). The phrase “at least one
of” does not require selection of at least one item; rather, the
phrase allows a meaning that includes at least one of any one
of the items, and/or at least one of any combination of the
items, and/or at least one of each of the items. By way of
example, the phrases “at least one of A, B, and C” or “at least
one of A, B, or C” each refer to only A, only B, or only C;
any combination of A, B, and C; and/or at least one of each
of A, B, and C.

Furthermore, to the extent that the term “include,” “have,”
or the like is used in the description or the claims, such term
is intended to be inclusive in a manner similar to the term
“comprise” as “comprise” is interpreted when employed as
a transitional word in a claim.

A reference to an element in the singular is not intended
to mean “one and only one” unless specifically stated, but
rather “one or more.” The term “some” refers to one or more.
All structural and functional equivalents to the elements of
the various configurations described throughout this disclo-
sure that are known or later come to be known to those of
ordinary skill in the art are expressly incorporated herein by
reference and intended to be encompassed by the subject
technology. Moreover, nothing disclosed herein is intended
to be dedicated to the public regardless of whether such
disclosure is explicitly recited in the above description.

While this specification contains many specifics, these
should not be construed as limitations on the scope of what
may be claimed, but rather as descriptions of particular
implementations of the subject matter. Certain features that
are described in this specification in the context of separate
embodiments can also be implemented in combination in a
single embodiment. Conversely, various features that are
described in the context of a single embodiment can also be
implemented in multiple embodiments separately or in any
suitable subcombination. Moreover, although features may
be described above as acting in certain combinations and
even initially claimed as such, one or more features from a
claimed combination can in some cases be excised from the
combination, and the claimed combination may be directed
to a subcombination or variation of a subcombination.

Similarly, while operations are depicted in the drawings in
a particular order, this should not be understood as requiring
that such operations be performed in the particular order
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shown or in sequential order, or that all illustrated operations
be performed, to achieve desirable results. In certain cir-
cumstances, multitasking and parallel processing may be
advantageous. Moreover, the separation of various system
components in the aspects described above should not be
understood as requiring such separation in all aspects, and it
should be understood that the described program compo-
nents and systems can generally be integrated together in a
single software product or packaged into multiple software
products.

The subject matter of this specification has been described
in terms of particular aspects, but other aspects can be
implemented and are within the scope of the following
claims. For example, the actions recited in the claims can be
performed in a different order and still achieve desirable
results. As one example, the processes depicted in the
accompanying figures do not necessarily require the par-
ticular order shown, or sequential order, to achieve desirable
results. In certain implementations, multitasking and parallel
processing may be advantageous. Other variations are
within the scope of the following claims.

These and other implementations are within the scope of
the following claims.

What is claimed is:

1. A system for controlling an infusion device, the system
comprising:

an infusion device configurable with operating limit

parameters for administrating a medication to a patient;

one or more processors configured to:

receive laboratory information associated with a
patient, the laboratory information comprising at
least one of a blood coagulation measure, a vitamin
level, a platelet count value, a thromboplastin time,
or a serum level,

compare current operating parameters of the infusion
device with the operating limit parameters in view of
the laboratory information for the patient before and
during administration of the medication to the patient
by the infusion device;

determine that administration of the medication by the
infusion device should be prevented based on com-
paring the current operating parameters with the
operating limit parameters in view of the laboratory
information;

responsive to determining that the operation should be
prevented:
prevent the administration of the medication by the

infusion device; and
generate a notification regarding modification of the
operating limit parameters.

2. The system of claim 1, wherein the one or more
processors are configured to receive the laboratory informa-
tion with patient-specific information during an administra-
tion of the medication by the infusion device.

3. The system of claim 1, wherein the operating limit
parameters comprise a maximum or minimum total amount
of the medication to provide to the patient over a period of
time.

4. The system of claim 1, wherein the one or more
processors are configured to:

determine to provide the notification, indicating that the

operating limit parameters require modification, to the
infusion device based on a location of the infusion
device or an identity of a caregiver associated with the
infusion device; and

provide the notification to the infusion device for display

by the infusion device.
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5. The system of claim 1, wherein the laboratory infor-
mation is received with patient-specific information,
wherein the one or more processors are configured to:

receive updated patient-specific information associated

with the patient;

perform another comparison of the current operating

parameters of the infusion device with the operating
limit parameters in view of the updated patient-specific
information;

determine that the another comparison is a favorable

comparison; and

cause an administration of the medication by the infusion

device to be started based on the favorable comparison.

6. The system of claim 1, wherein the current operating
parameters are associated with a mixture of at least two
medications to the patient, and the operating limit param-
eters comprise dosing limits for providing the mixture of the
at least two medications to the patient, wherein the one or
more processors are further configured to:

evaluate a concentration of the at least two medications;

and

determine the dosing limits for the mixture based on the

concentration.

7. The system of claim 1, wherein the one or more
processors are configured to:

initiate a modification of operating limit parameters at the

infusion device for providing a medication to the
patient based on comparing the current operating
parameters with the operating limit parameters in view
of the laboratory information, wherein the notification
indicates the modification was initiated.

8. The system of claim 7, wherein the one or more
processors are configured to:

receive an input from a caregiver to override the modi-

fication of the operating limit parameters; and

cause the initiated modification to be overridden based on

the input.
9. A method for controlling an infusion device, the
method comprising:
receiving, by one or more processors, laboratory infor-
mation associated with a patient, the laboratory infor-
mation comprising at least one of a blood coagulation
measure, a vitamin level, a platelet count value, a
thromboplastin time, or a serum level;
comparing, by the one or more processors, current oper-
ating parameters of the infusion device with the oper-
ating limit parameters in view of the laboratory infor-
mation for the patient before and during administration
of a medication to the patient by the infusion device;

determining, by the one or more processors, that admin-
istration of the medication by the infusion device
should be prevented based on comparing the current
operating parameters with the operating limit param-
eters in view of the laboratory information;

responsive to determining that the operation should be
prevented, by the one or more processors:

preventing the administration of the medication by the

infusion device; and

generating a notification regarding modification of the

operating limit parameters.

10. The method of claim 9, the method further compris-
ing:

determining to provide the notification, indicating that the

operating limit parameters require modification, to the
infusion device based on a location of the infusion
device or an identity of a caregiver associated with the
infusion device; and
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providing the notification to the infusion device for dis-

play by the infusion device.

11. The method of claim 9, wherein the laboratory infor-
mation is received with patient-specific information, the
method further comprising:

receiving patient-specific information during the admin-

istration of the medication by the infusion device, the
patient-specific information comprising the laboratory
information;

receiving updated patient-specific information associated

with the patient;

performing another comparison of the current operating

parameters of the infusion device with the operating
limit parameters in view of the updated patient-specific
information;

determining that the another comparison is a favorable

comparison; and

causing the administration of the medication to be started

based on the favorable comparison.

12. The method of claim 11, wherein the patient-specific
information comprises at least one of a medication ordered
for the patient, a time at which the medication is ordered for
the patient, a treatment plan for the patient, a medication
resistance of the patient, a weight of the patient, a height of
the patient, a body surface area of the patient, an age of the
patient, a gender of the patient, a genetic makeup of the
patient, or an ethnicity of the patient.

13. The method of claim 9, wherein comparing the current
operating parameters of the infusion device with the oper-
ating limit parameters in view of the laboratory information
comprises comparing a first weight of the patient provided
to the infusion device with a second weight of the patient
provided to another medical device.

14. The method of claim 9, wherein the operating limit
parameters comprise a maximum or minimum total amount
of the medication to provide to the patient over a period of
time.

15. The method of claim 9, wherein the current operating
parameters are associated with a mixture of at least two
medications to the patient, and the operating limit param-
eters comprise dosing limits for providing the mixture of the
at least two medications to the patient, the method further
comprising:

evaluating a concentration of the at least two medications;

and

determining the dosing limits for the mixture based on the

concentration.

16. The method of claim 9, the method further compris-
ing:

initiating a modification of operating limit parameters at

the infusion device for providing a medication to the
patient based on comparing the current operating
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parameters with the operating limit parameters in view
of the laboratory information.

17. The method of claim 16, the method further compris-
ing:

receiving an input from a caregiver to override the modi-

fication of the operating limit parameters; and
causing the initiated modification to be overridden based
on the input.
18. A non-transitory machine-readable medium compris-
ing instructions that, when executed by a computing device,
cause the computing device to perform operations for con-
trolling an infusion device, comprising:
receiving, by one or more processors, laboratory infor-
mation associated with a patient, the laboratory infor-
mation comprising at least one of a blood coagulation
measure, a vitamin level, a platelet count value, a
thromboplastin time, or a serum level;
comparing, by the one or more processors, current oper-
ating parameters of the infusion device with the oper-
ating limit parameters in view of the laboratory infor-
mation for the patient before and during administration
of a medication to the patient by the infusion device;

determining, by the one or more processors, that admin-
istration of the medication by the infusion device
should be prevented based on comparing the current
operating parameters with the operating limit param-
eters in view of the laboratory information;

responsive to determining that the operation should be
prevented, by the one or more processors:

preventing the administration of the medication by the

infusion device; and

generating a notification regarding modification of the

operating limit parameters.

19. The non-transitory machine-readable medium of
claim 18, the operations further comprising:

receiving the laboratory information with patient-specific

information during the administration of the medica-
tion by the infusion device.

20. The non-transitory machine-readable medium of
claim 18, wherein the laboratory information is received
with patient-specific information, the operations further
comprising:

receiving updated patient-specific information associated

with the patient;

performing another comparison of the current operating

parameters of the infusion device with the operating
limit parameters in view of the updated patient-specific
information;

determining that the another comparison is a favorable

comparison; and

causing the administration of the medication to start based

on the favorable comparison.
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